Abstract. The synthesis of timing parameters consists in deriving conditions on the timing constants of a concurrent system such that it meets its specification. Parametric timed automata are a powerful formalism for parameter synthesis, although most problems are undecidable. We first address here the following reachability preservation problem: given a reference parameter valuation and a (bad) control state, do there exist other parameter valuations that reach this control state iff the reference parameter valuation does? We show that this problem is undecidable, and introduce a procedure that outputs a possibly underapproximated answer. We then show that our procedure can efficiently replace the behavioral cartography to partition a bounded parameter subspace into good and bad subparts; furthermore, our procedure can even outperform the classical bad-state driven parameter synthesis semi-algorithm, especially when distributed on a cluster.
Introduction
The design of critical real-time systems is notoriously error-prone, and requires formal verification to assess the absence of undesired behaviors. The theory of timed automata (TA) [1] provided in the past two decades designers with a powerful formalism to formally verify real-time systems. TA extend finite-state automata with clocks that can be compared with integers in guards and invariants. Unfortunately, the classical definition of TA is not tailored to verify systems only partially specified, especially when the value of some timing constants is not yet known. The synthesis of timing parameters consists in deriving conditions on the timing constants of a concurrent system such that it meets its specification. Parametric timed automata (PTA) [2] extend TA by allowing the use of parameters (i.e., unknown constants) in place of integer constants in the model. Related Work. The expressive power of PTA comes at the cost of the undecidability of almost all interesting problems. The EF-emptiness problem 1 ("does there exist a parameter valuation such that a control state is reachable?") is undecidable if the model contains as little as three parameterized clocks [2]. Research around PTA since then consisted mainly in either exhibiting subclasses of PTA for which interesting problems become decidable, or devising efficient semi-algorithms that would terminate "often enough" to be useful. A famous subclass of PTA is L/U PTA [8, 13] where each parameter can be used only either as upper bounds or as lower bounds, and for which the EF-emptiness problem becomes decidable. In [8], further problems have been shown to be decidable for L/U PTA, including the emptiness and the universality problem for infinite runs properties ("do all parameter valuations have an infinite accepting run?"), for integer parameter valuations. In [14], however, it was shown that the solution to the EF-synthesis problem ("find all parameter valuations such that a control state is reachable") for L/U PTA cannot be represented as a finite union of polyhedra, hence strongly limiting the practical interest of L/U PTA. Orthogonal to syntactical restrictions on the model is the search for restrictions on the parameter domain: in [14] , an algorithm is proposed to synthesize integer parameter valuations in a bounded domain. This is of course decidable, and the authors devise two symbolic algorithms that perform better than enumeration.
More practical research on PTA include the development of tools (e.g., Romo [16], Imitator [6]) and their application to several fields such as hardware verification (e.g., [10] ) and parametric schedulability analysis (e.g., [12] ). In [3], we proposed the inverse method IM, a procedure that takes advantage of a reference parameter valuation and generalizes it in the form of a convex constraint, such that the discrete (linear-time) behavior of the system is preserved. In [5], we proposed the behavioral cartography BC: by iterating IM on integer points in a bounded parameter domain, we decompose this domain into constraints such that, for all parameter valuations in each constraint, the discrete behavior is the same. Then, BC can give a (possibly incomplete) solution to the EF-synthesis problem, by returning the union of all constraints for which the desired control state is reachable.
Contribution. In this work, our main goal is to address the EF-synthesis problem. Instead of attacking the state space exploration in a brute force manner (like [2, 14] ), we propose to perform several explorations of smaller size, taking advantage of reference valuations in the line of the inverse method. More in details, our contributions are as follows:
1. We first address the following reachability preservation problem for PTA:
given a reference parameter valuation π and a control state, do there exist other parameter valuations that reach this control state iff π does? We show that this problem is undecidable, and we introduce a procedure PRP (parametric reachability preservation) that gives a (possibly incomplete) answer.
